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Abstract 



PROBLEM TO BE SOLVED: To improve the measuring accuracy and reliability of radar equipment for an 
automobile under such a condition that a plurality of targets, etc., exist. SOLUTION: Reflected waves from a 
target are received by two reception antennas 16a and 16b for left- and right channels. A signal processor 
20 performs frequency analysis on the received waves of the left and right channels. An azimuth computing 
section 26 decides the azimuth to the target by a phase monopulse method by using a pair of peaks at 
which the frequencies are coincident with each other in the left and right channels. A pairing section 28 pairs 
the peaks in the rise and fall phase periods of the FMCW method with each other. The pairing section 28 
constitutes a peak pair by selecting the peaks to which the same azimuth is given by means of the azimuth 
computing section 26 out of many existing peaks. A distance and speed computing section 30 decides the 
distance to and speed of the target based on the FMCW method by using the peak pair decided by means 
of the pairing section 28. 
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f^tm&^'-Mzni.xmmm^y^'vuxmn.mzx 
miii^tifzmsjj&t<^-mzm-:s^^fzmMm'^i^ 
x-hi^t. 

[0001] 
[0002] 

-yht x<^mmRx/Hx t commm^kmiati f m c 
mTy'ri-*-i^(^m^(^msmzm^^^x^-yy hto 

[0003] Lms^eyniuxu-^} {affl^ryyNVux 



i-x^mti. mmmiT yTi-a^mmzmm 
^j:^cox\ m-<D^-yy hi)'(><r)mmcomimm 
ryTi-wixm^j:h, zcomttimtatiztxi? 

njuxi^-m. ij&^tii(^tii^izmmizmmTyT 
i-mmTyTi-^:mmmzmt->-tmti^^j:\^b^^o 

':>(0-yhi)^hl. 

[ 0 0 0 4 ] H 1 i-^mti b. ^-y-yht X'comm. 
1im:et'fh,ryy-riiiiiX^TyT-d-2ii>t:,9- 

"r-yVtX'tmmRl. R2ti:. 
[SHI] . 

R1=R0+ (L/2 ) sin<9 
R2 = R0- (L/2) sin^ 

X'hh. '-offi^mryTi-co^mim m-M:: ^)co 

lWl.2) A<t>= ( L/A ) sin^ 

imS] e = s i n-i {A<^ (A/L) } 

[000 5] [FMCWU-f] FMCW^-.t-{j;. )i 

[0006] FMcwu— ^ii, mwk<7)mmmm,zF 
M^mimLx\'^i. ii2(±, FNicvju-rizx^n 
mmmmMmimiii<r>wM$:^i-i^cr,x'h^. mi 
{$\ mim^:E.m&vmm.m^mi-^i. ztii^zx-yx. 

A^v-^'>(i>Mi-$ii, ^-y-y hxmtx^m^ii 
It. miE'^^t^mommii. 02 (±) izmx 

i t ^zX 0 . iMftJlliSiri: S<iJSiSac7)||<;)Ji^i: 
fi!c-J)-Jttot:-hfi^ (02 (T) ) mi^ii^. 

[0007] mmmmmvii. mmtfi'^m-^nit 
xff)mmxhh . ^-y-yh txcommm i:R. ±m 

t:cttltv = 2R/cX'h^, §4>tC. FMcom*) 

m2izt5mE.nmmmsL) m. f 

tit. ii-hm^mi rti, 
im4] f r=4R • f m • Af /c 

[0008] 03 (±){i. ^-y xhc7)ffiWjSS*^'0 

T-'Sri^ii^tcfcfti., 'm^^t^mmmmmcommi 
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fzitTizi^yht^. 03 (T) iziUL-HE^t^^^^ 
^ K y rymmi f d 7t'ft«»$il/t i> <7)*^f - h im 

irro 7x-x»!PBi(7)jg«st*>ii> K yr^i^y h*i*i6 

[0009] -f^^bib. ±0 7x-XfiJPBmyT') 7x 
-XMrat::t5tt& b'- hli^cOjgiSa f b u , f b d 

■ 

[its] f bu = f r+f d 

f bd = f r-f d 

T'$)^, -ect\ t-hii-^i&>^>J?I}Mf bu, f bd 
[0010] 

m?:}EmizmMtizti}<x'^t. 
[0011] L*^ t^A^^>. mMu-y^m^<mm^ 

)Vm) tl^i^O->fmWfWj:^-t!':>X^m^flh., FMC 

w-n^xiiu&ifzx 0 iz, mtm&'&'-H-t^^ 9-'/-y 
m^-fmmx^mmxhh , */^affl^y^^°y^x 

:^^?-#tcffl^-^;b-ii-T:fr{a. wmm^m.-^itmz'di, 
[0012] ■jfwm^A^mmz&^xtii^fLtz^.^x 



[00133 

(3, mi(7)%Bm. M'mti^mM-ti±'oy x-xmm 
tMmmTt^T'^y:c-xmmt ^^uzfm^ 
m^ti^f^zmmrMs-rimfiUb. mi&^^m-h 

^^/umxmmmti^^^^znfs uz h'-^ffym^tinb. i 
iSffl^ b - ^? ra^ffifflU t» o% ^T ^ * ■ 
mUMUt . mMi1jiiLMM^Xi!i!^^tirz1jmzm'^\>^ 
TBtflBiO 7x-XJ«^i: BuiBT'? 7x-X»!^tf*f 

^^■rb-^^5Rj6, mmi^j:t^-^cr>m'&mzm 

[0014] *^nBt imf, m=ey^vi^x:^^izx 

^ffimnii'notzib. mwi-^^-)v<^%imifmii(> 
ixm^j:i{imizmimm^^ii^tih , ^tumti^ 
M'Srs ct 1. K >y r7i^7 h«<?)av^{4, sfiiag 

■^■X'^:? h/KcJSi'L&rat&cOb-^'cOiaS, t^i5*> 

^(rywmmtp'ox i , ^mcsttE-ri> b-i7m«cs 

«»*Wtc|5|-fc ^^;5r-r.r t*^T'& S . 1i&:mW,t. 
m^mzm.m.^^r^^)V^fl^'flX'n-b^t^:'t:l t ifX' 

# b - «±S V ^{C |5]-C0 rJ- - ^' -y h tC^H-r 4 ^OT-S) 
St-Wf '?L-T , ^<^ffltSt^b-7lcj^j;E-r 

v^T. siSb-i^cDia^^iibfc^-y y hco^^re^^y) 
§-c. ^-^7 ^*^*^^^^i^L-cffl«ag^it-r 
-s^^^4, ±'97x-;'^iai:T'97x-X»liai:T'|3| 

-<7y^~^-y v{znthy^-7e)mii.'m:h. mm 
mmco^^-y-y ht^^^thtzib. i.'oy^c-xmmt 

T 0 7 x-xmmt T•■^^^-?^^1tlS:^0xr^-^b•-^7 A« 

■ mmmnmi. ±0 7x-x« 
T 0 7 x -xmm t xummsnx-t^nbtzifi^L^-^ 

m-ffi^—y-y 'hizmmthhcoTh^tmrnt^, -e 

LT, ■fc7)^^t2-=5r-rb"-^'c7)^JfjSSi(*^4.s FMCW:^ 
^izm^^ ^X. SIS b- ^ COJ^ S: & t/c rJ' - i^' -y h coffl 

y^NVi'X::/j5t(c3E'3i,^T^'-y-y b<?):fre$:^*^, 

*{a*i"IP U-^Zt tcS-S'V^Ti 0 7 X -Xfflra i: T 0 7 
x-X«i:<7)b-:?cO«^-^£-ti.iOT:\ 1SSScO:5'- 
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[0015] ±fEiWf-a^-r-?.!ta6t. w.2<rmn 

[0016] t^mmzxtiii. mmmi. i^-j^um 

\n\<r)i^\^^\i-Mzm,x , im^^jj^vxm-um 
■ mMM-mt^MtiiMW, i <nwnb isiato^a 

^■r>r bt^x% h^m'm^znLXM. ?f(i^cr>^mm 

0)&M'tff^Rtf'« ar -it I. ; t A<T- 1 h . 

[0017] *j^D)5<7)i!f}i^.^,«(s. -mt^^mmK 
BulBt^isitt t- A t t - A ic^^ L r tu ie*-{i 

?*.m^nx'hhh<nx'hh. ~mz^ i^-y'-jhrn 

< . ^fiizmr^K im\mcomMim< tch. i -:> t . 

ix. t%m<^'h^\M\,z±^ts:M?^¥!nifi^j:^ixh(nX\ 

immwL<nmmifB:mz}^±.-th . 

[00 18] 

[0 0 1 9iii4{i, :¥wmmmm<r)mMi^-'f 



[0020] «E$wi^«fi ( vco) 1 o\,mmk^ . 

0 . ms.tm^'.zmtxmmthE.nmm^ 
vcoio{±. cicozftjg-cii&fc^^iis^ifc 

x^mzmx-m^tih. 

[0021] MfiTyrt 1 4*>^>Mf§ih.^^mi^ 

mMz\t2':>cryMi%mtK 9- 
V 1 - 2t LT^$iXTV^^, ^tfI-§-«i, £:fe:2 
-:><7)gfiTyr-^-l 6 a, 1 6bX'Sfi$ill.. CC02 
OfiO^fiT yT:>- 16a. 1 6 b (±. Siafl^JtcF/rSiESI 

■M6a. 1 6btC<is ^t^lsl 8 a. 1 8 b A^m-f 
^i^gg^flT « 18a. 18b {C{±, tJMil^ 

m-mMt LXim^ilX^-^h . l S a . 1 

8b{i. ^iwsi^:mmmzm-j^^x^i&L. cixtio 

[0022] fi-^jaa^K2 OtlfcV^T. iil^St^i-*faE 
, 2 2a. 2 2bfcJ:lXtf-^«|{lJSS2 4a. 2 4b«i. 
*l|BJ^:h^^gPh LXmrnth , J^ftfC^^tJf g|5 2 2 a, 
2 2b(i, ^ix^tl^ tE^^- 

mim:b^h%htitzy^-Hmi>znixjsi^mmfi 
FT (sji7-ux^}a) *iffi9ix. iia^:iijiSfctaii. 

m(7)fiWI^a2 0tfc(tl.MStfcV^T{i;. 

b i nffm^i:^miimn,zn'm'h^y'f'/9xt Lxm 

\^h1Xh. t-^t^tBg|52 4 a. 2 4b{i. Wim.m 

-eiiT'tf-i5' (f-i7A>msJS?i^b i nc?>#-ffcj: 
l^-ecOJUj^gijb i na)MWmm i^^-fh. 
[0023]ll5(a) (b){±. -eiimt^^^^^l- 

:4'VWCt5V^T. :^#tiffil|iSri-C>e-:7UL 1 . DLl 

OtjfflWWt-gi'^ V^^\.-^X\^-^h) ^fcSr^nLTV^I). 

/jN§V->fg1i&iOtr-^'UL2, DL2{i. itl 
-etL;? ■/ h- 2 «± 0 7 X -Xfc J; y T D 7 x -Xco 
e-^TS)!., T07x-Xc7)t-^'O^i^ic*<±'37 
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t^ir^Vl-Tti. e->URl. DRUi, -J-il-f 

-9X'hh. tfz. h-^'UR2. DR2{±,>^xm 
- ^' •/ h 2 C7)± D 7 X -X*3 J: {/T D 7 X -XcT) h - 

**#SL. ^'ijtc. ^-y-y ^m^'^<?)ffl>|c^;y-^'^- 
[ 0 0 2 5 1 114 tMO . Sflryf-t 1 6 a , 1 6 b 

> T i, . |3|- ^ - y -y h {iSt h\^-'7<r>mmi. 

n-'is'W^x'&\^. ^zx\ UiiLmM.m2ex'it. 

jM«fii7t2o<7)h'-i7(it-^7'<,rh$iiS. 

t-;?AtBi:>()<'<7^^r-fit?:.<A, B> fc^-ti 
tttlb. msiZTfktm^zMlXli. ±'97x-X'»J 
^tfcl-iT(if-^"<r <UL1. UR1> . <UL 
2. UR2> A^'^tfiSn, T07x-Xffi[g|tcitLT{i 
<DL1, DR1>, <DL2, DR2>i^>mSit 

[0026] :^fii>Sa:§g2 6 {i. JSJiSiSCi3-ra2 2 a . 
2 2 bTc7)1i3BF FT»ati3l,^Tf#i^/tSf5fflff^g* 

^^Kbi,. t^j:hhmi^m\'^xmmLrzioi,z^ 20 
oSfiryT^t- 16a. 16 hxco^m-^coim^i A 

<i>. 20c?)Sft7yT"^(?)KaiS-L. H^iOiftftSrAi: 
[0027] 

[^6] <9=s i n-i { A<^ (A/L) I 
'^r'Jy^g|52 8<i> ±'57x-:^iafcT'37x-X 

y^-gP2 8{±, ±0 7x-XMH^^fc^^T^#^>^^^ t- 
i?t. T'37x-XWifcV^T^#<c>ix^t-^'fc^*f 

[00 28] iiXli, ^7Vy:f^28ii. ±07x 



i:. T07x-XaBPBl(coi^Tf#'^ii'?.£, 

■C#St)C7)coM2r^i6l>. Caji{f. ±0. T07X-X 

mmx-(r>:tjiiL(7:,mtim^imT t^j:lt'-^' {K7) 

(4, ^'-^^■'yhl{Cj;'54l:.|>h-i7'<.T<ULl, U 
Rl> fc <DL1, DR1> (XttULltDLl, ^ 
K 14 t-i? U R 1 h D R 1 ) . St/^'-y y h 2 l,ZX 
0±tl.h--i?'<T <UL2, UR2> <DL2, D 
R2> (X{i:UL2fcDL2. SL<Ji:f-^UR2t 
DR2) *iSS?$ill)<, ■ 

[00 2 9] ^fc. Z(7)9miZii\^^X . f-^OHigSr 

y>y h*-^,c7)X3-(7)3l]S{4. ±'?7x-XJ«ratT'9 
7 X -Xisrah T':;*:# < i^^v ^ t V ^ ^ C t tcS':^vv 

r , ijitnecommmmmarxhit^^o^n-k t 

X. ZZX'cf)h'-'^cDM^:1^i^i:ittbXi>J:^\ ^ 

m^uQ.n^mmzmm<7):S'-yy h*^4.cob-i7*% 
tit^^^x-h-^xii. ^ixi^commffM^'^izX'ox-}^ 

-y-yh<^m^\^rr\'K iel<±.^ . td#7x-x^ 

[ 0 0 3 0 ] • mmmn-Ms on. ^7 u yy^2 
8t,zxm^^titz\^~'p<7)mzm^^^x. ^-y-/ hco 

wm&. mnm.-^^^h. ■fts:h%. 112, 03^ 

mizmx.fz'mi^(mmzwi<mt , y Y(n 

SStJCt/:: K •y7-7>-7 V\zm^<m!fs-t:>ts:->X\^ 

s , ± D 7 s.-xwm>xfT 0 7 X -xaHraitcfctts f 

- hffi-§-^OjSJiSit f b u , f b d«4, fflStSB^^«-rf 

- vwm.^ f r , ffljftjiJK^i^-t K ■yrymm.-k f 

[^7] f bu = f r + f d 
fbd=fr-fd 

Xhh. ^oT, JiftSjf bu. f bd*^^>. t'-MM 
ij y^liB 2 8 T-^^-^ itJt'^TiOi 0 , T D 7 x -Xo 

I.. 

[0031] ia±, *it*fe^®cok-:/^a{cov^Tis 

BflLTt. ±fficDj;5lc, imimm:^\t. mk^^r^h 
: ^-Y^yVayys\n:%{zim. -eco^fimHILTiO ■ 

7 X -xttjiat T 0 7 X -xfiBrai t t - ^ (;o'<r u > 

^^Srffd. ioT. ±0s T'?7x-XWPBlfc-?-iX'fii 
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[ 0 0 3 2 ] ^fc, ifmmmmm^&commxfH 
iimm<nmm\i . ± o 7 x -xfljn t t o 7 x -xkb 

[0033] [mmmm2 1 mz. :^^mcom2(^m 
mmm^mm-t^. men, ^mmmmmmcogmm 

co'j*>. m4iz^ uzmmmicomfmmtmmcoh 

<^l,z':>\,^x^m~(^^9^HiL. ^(7)imiim'S.^\ss^^ 

-2, VCOl Oi^f'piili^jMftTy 

■f"^4 A^oyim'Si<^[mimwm'cm ^r^thmm^ 
Abi^Lx^-^h, tfz. \mm^m.5oi,t. ^ix^> 
mLcom^ry^^A a i}^iymm^ixfzm.(7yiii\^^\^ 
-M.^tim^zn-tm'mmimk^zttif^h^-^^ 
mm 8 ^SEii • 5^«i[gi5 3 0 lt i^i. . 
[ 0 0 3 4 1 vc o 1 oij^t^ormmmi'm^A & i:^- 
IX . rnrnr y^-i-A a <D^fl^tl^zm^p\x'\mm^^ 

^iih. ^mti7yTi-AAli^ixhcomE^'-M.(r,\^ 

tjosx-Sfifiic^. m^mx-t7)>^mihmmzX'yx 

[0035] mmxmmi '^htz^miamm^zMt 

fch'- hmmm^-mmmm s o ^zm^tit . ts-^sra 
mm5 oiz)Hf^mmmm!mi)'i^im ■ mmmm^ 
3 0 x'(^^mt x'i,±mmnm 1 1 ibi^t-J) i. , i -? t , 

[0036] ^^5!iagS4 S^ti:, ZCOXdl,ziJ}'0Wl 

izx-^x ^ii^'ix.(r)mtiimmt>zxn^titz i?-y-yhff) 
^im.wmiw&i-fhmmmxm.'Lx: ij<'mmK 



[0037] ,ito-ac7)WiiT«i, mm. hmmikm 
ii*^"-eix^nF;r^coit§iEHi.:JiTT* h:.t 

[0038] n~(r>^ -Y y h \.znm-fh t m^tirz 
«\ mz\.t. ^tL^'ix<r)\::-j^x'm:,^ixfzm.mm 

JS.^m.Mm.tLtzmM^\,1^^mirxo , 

i^a^^fisixi; LT, mum'A^fi-rz-nmzmi>\L- 
4 sjj, ^tixtL<D\::-j:.xik\ii^fLfz&mmcr> o *> 

[0039] *^Bt iWf . SEHt^SAMoyilS 

7 hi}<:^i±thi^x'h'ix i^mmm'Si-t 
hmmiMwi ztizx^). ^ixiomm.(r)9-^ y h 

g^tO f - A -Ci5]-^0 rJ' - -y h $ ft/^ili-^lC 

[0040] [ mmt^mm 3^mz. :mm<nm s (om 

o 3 , n 4 , la 6 i,z^sifzmmmm i 2 

-?-c7)ijtHS{i3ii:*B&-r&, mtmm3mfS.±, mm 
/SI fcii'5r2.^a. fi#j!iaiia7 Q)imm.yA)V9^ 

SgB7 2 5r^fl>*T-*>l.« ilS^ 'f;l'^J!iiISI57 2 
(i. ffilt • 3aiS?lSg|53 0 t^^3i!iaa54 8 ii^^tliS 

[004 1 ] *Sffii>»g»E2 |5l«. M!(C03ifiTy 
0. *^Sfc^ifi3»«l2(?)JISi:{±!gil- j2«?l®S|53 
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[0042] *^atii, ji/i7 ^ ;u^>mw>7 2 
2 m 0 31)17 ^ )u^>mii . sESi • m^mw.^ sot . 
)v^^mt'hh\ rio^)Bi|7'f;p^j?ia(cj;o, 

[0043] u-^!muA 8{i. mm. mimnm. 

^-y-jHznm-fhtmm-th. ttz. '^-^mmA 
simui. mmm.<r>mM.m(ni^ti^(^m.tx'm. 
m^. \z-j^(D^mmm^'tiz^i^. ^iimmmx 
mm(^v^rz'omM{mTxhi^^iziti^wmizici 

[ 0 0 4 4 ] -i^^mmUA 8 LiC(^)X 0 Ctt5EfI. Xti; 

n-^-fv y \z-^\-^xmimim Lx%s^iifzWL 
mk(r)msi.m. %mm2):.mL(ry)im,zx'<)^n. 

[ 0 0 4 5 ] CicT) i a F MCW^rs^RtX 

^my ■< )Vi>^m^rro:i t . ^ ^>tch-AtJJ#(c J; 0 



[ 0 0 4 6 ] ^rfc, 5IS7 /P^J'Xaagp? 

2{±^-^3!!!:agP4 8cOH!r(ciS{t?t*-\ iiS7 yl^^'jnJI 

357 2^^^jragP4 d>m.h\izmihmm^-^^xh 

[0047] *>^Mc. jiS7-f;U:J'MaiSP72{i. h" 

-uz^hmm,(n^Wi\tmw^\.zm(th:i'tifi 
x% . mx.\mmm. 1 <rmw,zii\rr: ^tifi 

mi] ms't/jvi'xu-fcomm^r^tmx'h 

[02] 
[03] 
[04] 

[05] 04c7)^StfO£f-A'^vH3j;t;':&f-v^>;u^^ 

0rj>s . 

[06] :^mcr)m2(ommmm^im-mx't> 

[07] *ISflJ5cO||3cO»j!iJesj.cO«^77<-r0T-$> 

1 0 mE*ijfflii&sf5 (vco) . 14, 44-1, 44 

-2. 4 4-n )M(iT>'r-:^. 1 6 a , 16b ^ftTy 
f-h, 18a, 18b W^^, 20. 50, 70 ft 

^mMm.. 22a, 22b jsiisa^ffg^, 24a, 

24b 2 6 :^(aja»:gl5, 2 8 ^7 

'J >^a3. 3 0 Sgffi ■ MJ^MS^SK. 4 8 
fiH5. 7 2 ji«7-f;l/^'M®a5« 



F M C WP— :/(5DiSHiS:S^-r0-C-J) I. . 

F Mcwb-yc7)t?:aS:.^-r0Tj) I. . 

^^mcoW. 1 «O^MJg.^c7)1i«S:q^-t0t'$> 
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